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Introduction 
Woolly cupgrass (Eriochloa villosa [Thumb.] Kunth.) is a 
relatively new weed in Iowa. Woolly cupgrass is native to East 
Asia, specifically China and Korea, and was first reported in the 
United States during the 1940's. The first identified 
infestation in Iowa was located in Ringgold County and reported 
in 1957. Since then, economically important infestations have 
been discovered throughout Iowa, Illinois, Minnesota, and 
Wisconsin. Recent estimates suggest that woolly cupgrass infests 
approximately 7 to 10% of the row crop acres in Iowa. While this 
weed can be found in most areas of Iowa, localized and severe 
infestations occur in northwest, west central, north central and 
east central Iowa. 
Woolly cupgrass is an annual grass weed in the millet tribe 
and demonstrates an aggressive growth habit. Management of 
woolly cupgrass is difficult and generally requires a greater 
level of inputs than other annual grass weeds. Whether or not 
woolly cupgrass is inherently tolerant to commonly used 
herbicides has not been determined. Further, the general growth 
habit suggests that even without inherent herbicide tolerance, 
woolly cupgrass would still be extremely difficult to control. 
This paper will describe woolly cupgrass biological 
characteristics that contribute to the economic importance of 
this weed and suggest management strategies for effect woolly 
cupgrass control in corn and soybeans. 
Woolly cupqrass Bioloqy 
Woolly cupgrass is an annual grass weed reproducing from 
seed . An important characteristic about woolly cupgrass is the 
continuous germination that the seeds demonstrate. Up to 5 
germination flushes of woolly cupgrass seeds have been observed 
in the field. Further, the later germinated seeds maintained 
some production of viable seeds. Woolly cupgrass seeds also 
demonstrate an ability to emerge from greater depths within the 
soil when compared to many other annual weeds. Last, woolly 
cupgrass will successfully germinate over a broad range of soil 
temperatures. Research was conducted to document these and other 
growth characteristics. 
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Effect of plantinq date on woolly cupqrass qrowth 
Woolly cupgrass seeds were planted at biweekly intervals 
from May 12 through July 7 in 1987 and 1988. Note that a severe 
drought impacted on woolly cupgrass development in 1988. Several 
growth parameters were recorded and the seed yield determined 
(Table 1). Significant differences were observed when the growth 
years were compared. Variation between years was, in part, 
attributable to the differences in rainfall distribution during 
the growing season. Rainfall total from the months of May 
through August, 1987 was 62.08 em compared to 28.32 em for 1988. 
The rainfall total for the 1987 growing season was 54.4% more 
than the 1988 growing season. 
While significant differences in some growth parameters were 
noted between years, several important factors remained 
relatively constant regardless of the extremely different growth 
environments of 1987 and 1988. Importantly, the number of seeds 
per panicle, while demonstrating a significant decline as 
planting date was later, was similar between years of the 
experiment. The number of seeds per raceme demonstrated a 
similar trend. The number of racemes per panicle did not differ 
greatly regardless of planting date or year. 
Other growth parameters did differ significantly with 
growing condition and planting date. These trends were thus more 
"plastic" and were primary contributors to the overall population 
of woolly cupgrass. All of these parameters demonstrated a 
significant trend attributable to planting date yielding fewer 
yield components. Further, these growth parameters also 
responded significantly to growth conditions. 
Number of tillers per plant declined significantly as the 
planting date changed. In 1987, there were no differences 
between the first 2 planting dates, however later planting dates 
resulted in much fewer tillers. In 1988, all planting dates were 
significantly different, but demonstrated the same trend. 
Plant weight in 1987 was not different for the first 3 
planting dates and in 1988, the first 2 planting dates were 
similar. The number of panicles per plant followed a similar 
trend. In 1987, the first 2 planting dates were statistically 
similar, and the last 3 dates were the same. However, in 1988, 
all planting dates were statistically different. All other 
measurements of reproductive structures followed the similar 
trends. These measurements included number of seeds per panicle, 
the number of seeds per raceme, and the number of seeds per 
plant. Under ideal growing conditions, woolly cupgrass was able 
to produce up to 164,000 seeds per plant. When growing 
conditions were extremely stressed, woolly cupgrass was still 
able to produce over 28,000 seeds per plant. When cupgrass seeds 
were planted in July, the plants produced approximately 2,600 seeds. 
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The reduction of yield parameters in response to delayed 
planting date was more evident in 1988 when compared to 1987. 
Given the severity of the drought in 1988, and the correlation 
between reproductive growth and rainfall timing, the differences 
can be explained. It is important to consider, however, that in 
1987, the relative reproductive capabilities of woolly cupgrass 
did not change over a 6 week period. This demonstrates 
remarkable flexibility of woolly cupgrass growth habit and 
suggests that this weed can become a serious problem in Iowa. A 
weed that has the genetic potential to produce a maximum number 
of seeds over a very long period of time has a greater 
probability of growing during favorable environmental conditions 
thus increasing in population. Thus, woolly cupgrass represents 
a major problem in Iowa. 
Effect of temperature on woolly cupgrass germination 
Woolly cupgrass will germinate over a broad range of soil 
temperatures. When germination was evaluated for nondormant 
woolly cupgrass seeds, excellent germination was observed from 15 
c to 40 C (Figure 1) . No germination was observed at 10 c nor at 
45 c. 
Woolly cupgrass also demonstrates a significant interaction 
of time and soil temperature (Table 2). Optimum temperature for 
woolly cupgrass seed germination when germination was evaluated 
after 2 days was from 25 c to 38 c. When germination was 
evaluated after 4 days, the lower optima was 20 c, and after 6 
days, 15 C. Germination at 40 C increased from 64% after 2 days 
to 84% after 4 days. No difference in woolly cupgrass seed 
germination was observed between 4 and 6 days at 40 c. 
Depth of woolly cupgrass seedling emergence 
Studies to evaluate the depth of woolly cupgrass seedling 
emergence were conducted in the field and in the germination 
chamber. Woolly cupgrass demonstrated an ability to successfully 
emerge from a broad range of depths in both situations. In the 
field, the optimum range of emergence depths was 1 to 7 em (Table 
2). Five percent of the emerged plants were found at the soil 
surface .while plants also successfully emerged from a depth of 9 
em. 
Under ideal growth conditions in the germination chamber, 
35% of woolly cupgrass seeds germinated and emerged when placed 
at the soil surface (Table 3). Over 80% of the seeds germinated 
and emerged from depths of 1 to 10 em and 5% of the seeds placed 
at 15 em germinated and emerged. 
Woolly cupgrass demonstrates considerable adaptability in 
emergence depth. Given that there are edaphic conditions that 
favor germination, a weed that has the ability to successfully 
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emerge from a broad range of depths will likely be more 
successful in encountering these favorable conditions. Thus, 
woolly cupgrass has a better opportunity to become a major weed 
problem. 
Woolly cupgrass Management 
Management of woolly cupgrass is difficult. Research and 
grower experience suggests that woolly cupgrass is extremely 
difficult to manage. However, it has not been determined whether 
there are biochemical reasons for these observations, if 
biological characteristics are responsible, or a combination of 
factors. It has been suggested that woolly cugprass demonstrates 
greater tolerance to many commonly used herbicides. However, 
research other than field efficacy trials has not been conducted 
to quantify these observations. It is possible that woolly 
cupgrass has the ability to quickly metabolize the herbicides or 
possibly does not demonstrate marked uptake of the materials. 
Research at Iowa State University is currently underway to 
provide answers to these questions. 
It is also possible that woolly cupgrass is difficult to 
manage simply because of the flexible growth habit it 
demonstrates. As reported previously in this paper, woolly 
cupgrass can germinate and emerge over a broad range of 
temperatures, depths, and time periods. Thus is it possible, if 
not likely, that woolly cupgrass germinates below the herbicide 
concentration, emerges later in the season after the herbicide 
concentration has diminished, or develops before the herbicide is 
activated early in the spring. Regardless of the manner in which 
woolly cupgrass demonstrates tolerance to many herbicides, the 
result is a weed that is difficult to control. 
Cultural strategies 
Woolly cupgrass can be managed if a rotation that includes 
small grains and forage crops is introduced. Woolly cupgrass is 
best adapted to a corn-corn or corn-soybean rotation. The growth 
characteristics make cupgrass most competitive and successful 
when grown with other annual crops of similar growth habit. 
Breaking this rotation cycle with forages or small grains can 
help reduce woolly cupgrass populations. However, the longer the 
field does not include a full-season annual crop, the greater the 
impact on woolly cupgrass populations. Rotating away from corn 
or soybeans for a single year will not significantly affect 
cupgrass populations. 
Mechanical strategies 
Mechanical weed control with rotary hoes and cultivators is 
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extremely important for the successful management of woolly 
cupgrass. Primary tillage also promotes the effective control of 
this weed. However, severe tillage should not be used as a 
management strategy if the potential for soil erosion is 
significant. 
Rotary hoeing should be done before the woolly cupgrass has 
emerged but after germination has occurred. Given the ability 
for woolly cupgrass to germinate when soil temperatures are cool, 
rotary hoeing may need to be accomplished sooner after planting 
than with other annual weeds. Further, as woolly cupgrass is 
capable of numerous germination flushes, multiple rotary hoe 
trips will improve results compared with other weeds. 
Cultivation is qn effective technique for woolly cupgrass 
management. Depth of cultivation may not be as important as with 
other weeds, given the ability of woolly cupgrass to successfully 
emerge much deeper than many other annual weeds. However, when 
the effect of deep cultivation on crop growth, soil moisture, and 
herbicide dilution, it is suggested that shallower cultivation 
are more favorable than deep cultivations for the management of 
woolly cupgrass. 
Timeliness of cultivation trips is important. Woolly 
cupgrass management is more effective when the weed is smaller. 
As with rotary hoeing, several trips with a cultivator may be 
necessary for woolly cupgrass management due to the multiple 
germination flushes. This need for multiple cultivation trips is 
enhanced when the ability for cupgrass to successfully emerge 
when soil temperatures are generally hotter than is acceptable 
for other weeds is considered. Thus, a layby cultivation trip is 
critical for the effective management of woolly cupgrass. 
Herbicide strategies 
Generally, herbicides commonly used for weed control in corn 
have not provided consistent nor effective woolly cupgrass 
management. When control was achieved, the treatments included 
herbicide combinations applied preplant incorporated and 
postemergence overlay applications. Examples of treatments 
recommended for woolly cupgrass control in corn included EPTC 
(Eradicane and Eradicane Extra) applied in combination with 
cyanazine (Bladex). Preemergence or early postemergence 
treatments included pendimethalin (Prowl) plus cyanazine. The 
latter treatment has not provided consistent woolly cupgrass 
control due to the effect of the environment. Further, this 
herbicide combination demonstrated a significant potential for 
crop phytotoxicity, depending on the environmental conditions. 
Herbicidal control of woolly cupgrass in soybeans has been 
quite effective and efficienct. Dinitroaniline herbicides such 
as ethalfluralin (Sonalan), trifluralin (Treflan), and 
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pendimethalin have provided consistent woolly cupgrass control. 
Postemergence herbicides such as fluazifop-P butyl (Fusilade 
2000), quizalofop (Assure), and sethoxydim (Poast) demonstrate 
excellent woolly cupgrass control. However, given the potential 
for multiple flushes of woolly cupgrass, timing of postemergence 
applications is critical for effective management. Generally, a 
combination of preplant incorporated treatments plus 
postemergence applications is necessary for most consistent 
control. 
A new herbicide in corn has excellent woolly cupgrass 
efficacy. Nicosulfuron (Accent) has recently received 
registration in corn for postemergence application. Research has 
demonstrated excellent and consistent woolly cupgrass control for 
this herbicide. Application timing of nicosulfuron, in 
relationship to stage of woolly cupgrass growth, is not as 
critical as with other herbicides. However, nicosulfuron does 
not have significant residual activity. Thus, while providing 
excellent control of existing woolly cupgrass, other management 
strategies will be needed to provide residual control. 
conclusion 
Woolly cupgrass is an aggressive annual grass weed that is 
becoming a significant economic problem in Iowa. Management of 
woolly cupgrass is difficult when compared to traditional weed 
management strategies. A diverse, integrated management program 
is critical for consistent woolly cupgrass control. Crop 
rotation, in combination with herbicidal control, is important. 
Herbicides for weed control in soybeans demonstrate the most 
consistent and economical cupgrass control. A soybean woolly 
cupgrass management system should also include mechanical control 
strategies. 
In corn, the best management system would likely include a 
preplant incorporated herbicide treatment, mechanical control, 
and a postemergence application of nicosulfuron. It is possible 
that woolly cupgrass could be effectively managed with mechanical 
control and postemergence herbicide applications, however, this 
system might not be as consistent. 
Cost is a critical consideration. Generally, a management 
strategy that provides consistent woolly cupgrass control will be 
significantly more expensive than a system for other annual grass 
weeds. However, the cost can be justified when the results of a 
severe woolly cupgrass infestation are considered. Woolly 
cupgrass has demonstrated many characteristics that make it a 
potentially devastating weed. If not effectively controlled, 
woolly cupgrass will significantly limit potential crop 
production. 
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Table 1 Effect of planting date on various woolly cupgrass yield parameters 
Date 
Planted 
(Biweekly) 
May 12 
May 26 
June 9 
June 23 
July 7 
No. of 
Tillers/ 
Plant 
LSD ( P== 0 . 0 5 ) 12 
May 12 
May 26 
June 9 
June 23 
July 7 2 
LSD (P==0.05) 2.2 
Plant 
weight 
(g) 
381.3a 
369.oa 
245.4a 
76.2b 
30.9b 
155.4 
117.1a 
111.6a 
58. 4b 
36.3c 
17.7 
Parameters Measured! 
No. of No. of 
Panicles; Seeds/ 
Plant Panicle 
802a 
997a 
348b 
125b 
55b 
312.2 
24 
1987 
152a 
186a 
165a 
71b 
49b 
38.3 
1988 __ _ 
5.5 
No. of 
Racemes/ 
Panicle 
0.77 
0.4 
No. of 
Seeds/ 
Raceme 
8.2 
1.8 
No. of 
Seeds/ 
Plant 
123,456a 
164,169a 
57,860a 
8 908bc , 
2, 649c 
50,808 
28,221a 
13,056b 
8,996c 
5,359d 
1,695 
1values within each parameter are the means of three replicates of 
three plants/plot. Values sharing the same letter within each parameter are not 
significantly different at the 5% level, according to the LSD test. 
2Data not recorded because of lack of seed germination due to drought. 
Table 2 The interaction of temperature and time on 
germination of intact nondormant wooll y cupgrass 
seeds. Germination was evaluated for 6 days 
Temperature 
regime 
Germination time (days ) a 
2 4 6 
(c) % 
10 0 0 0 
15 33.00 33.00 1 0 0. 00 
20 84.00 96.70 98.70 
25 94.70 100 . 00 100. 00 
30 100.00 100.00 100 . 0 0 
35 97.00 100.00 1 00,00 
38 92.00 100.00 100. 0 0 
40 64 . 00 84.00 85. 00 
45 0 0 0 
avalues are the means of three replications of 25 
seeds / temperature. This interaction is significant at t he 
5% level. 
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Germination of nondormant woolly cupgrass 
seeds as affected by temperature. Germinatio n 
was evaluated for 6 days (LSD=26). 
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DEPTH OF SEEDLING EMERG ENCE ( c~) 
Depth of seedling emergence of woo l l y cupg~2ss 
in the field. Data are the means o f the 
emergence fr e quencies f o r fi v e repl i cates cf :;,,_·, 
seedlings (LSD=2 . 99). 
70 
100 I 
90 
80 
70 
(!oil 60 
U-1 
u 
z 50 c.J ~ 
=:: 
-J 
~ 
......., 
40 
'-' z 
_; 
Cl 30 ....... 
.... 
<..() 
20 
5 
0 
Figure 3 
r 
0 
DEPTH OF SEEDLING EME~GEN CE I . , en , 
Germination and emergence of woolly cupgrass 
as affected by the depth of planting under 
growth chamber conditions. Data are the means 
of 50 seeds for each treatment (LSD=4.98 ) . 
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